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Comparative  Development  of  Heliothis  virescens 
and  Hybrid  Backcross  Progeny  Reared  at 
Five  Temperatures 


By  J.  W.  Smith,1  E.  G.  King.1  and  D.  W.  Parvin2 


ABSTRACT 

Heliothis  virescens  (F.)  and  backcross  progeny  from  the  intercross  of  H. 
virescens  males  and  H.  subflexa  (Guen^e)  females  were  reared  on  a 14-  to  10- 
h light-to-darkness  schedule  in  environmental  cabinets  held  at  16°,  20°,  25°, 
29.5°,  and  34°  C,  with  relative  humidity  at  60%  for  eggs,  larvae,  and  pupae 
and  at  80%  to  85%  for  adults.  Eggs  (12-h-old)  used  in  viability  and  incubation 
tests  were  placed  individually  in  30-ml  cups  containing  about  5 ml  of  3% 
agar.  Each  temperature  treatment  was  replicated  5 times  with  21  cups  per 
replication.  The  cups  were  checked  for  newly  hatched  larvae  at  8-h  intervals. 
One  hundred  larvae  of  both  H.  virescens  and  the  backcross  were  reared 
individually  in  30-ml  cups  containing  10  ml  of  wheat  germ  diet.  Larval-stage 
duration  tests  were  performed  when  the  larvae  were  about  12  h old.  Each 
instar  was  marked  with  a different-colored  powder  to  aid  in  determining 
molting,  and  the  cups  were  checked  daily  for  larval  development  or 
pupation.  Additional  tests  were  performed  with  unmarked  larvae  to 
determine  total  larval  period  and  survival,  pupal  period  and  weight,  moth 
emergence,  egg  production,  and  moth  longevity.  Temperatures  for  these 
tests  were  25°,  29.5°,  and  34°  C,  and  each  treatment  included  200  individuals 
of  both  H.  virescens  and  the  backcross.  In  the  first  tests,  percentage  of  hatch 
for  the  backcross  eggs  was  lbwer  than  for  the  H.  virescens  eggs  at  16°  C only. 
Duration  of  the  egg  stage  was  very  similar  for  both  at  the  four  highest 
temperatures  but  was  1.5  days  longer  for  the  backcross  at  16°  C.  Duration  of 
the  larval  instars  was  progressively  shorter  at  the  higher  temperatures  for 
H.  virescens  and  the  backcross,  and  both  required  more  instars  before 
pupation  at  temperatures  above  25°  C.  Survival  rate  was  lower  and  stage 
duration  was  shorter  at  29.5°  and  34°  C for  the  unmarked  larvae  of  H. 
virescens  and  the  backcross.  Pupal  weights  of  both  were  also  lower  at  these 
temperatures,  and  percentage  of  emergence  for  the  backcross  was  100%  at 
29.5°  C but  only  8%  at  34°  C.  Egg  production  of  both  H.  virescens  and 
backcross  females  was  considerably  lower  at  29.5°  and  34°  C than  at  25°  C, 


'Research  entomologist,  Bioenvironmental  Insect  Control  Laboratory,  Science  and  Educa- 
tion Administration,  U.S.  Department  of  Agriculture,  P.O.  Box  225,  Stoneville,  Miss.  38776. 

-Professor,  Department  of  Agricultural  Economics,  Mississippi  State  University,  Mississippi 
State  39762. 


and  adult  longevity  was  generally  lower  at  the  two  highest  temperatures.  In 
fact,  longevity  was  about  50%  lower  for  the  H.  uirescens  males  at  34°  C than 
at  25°  C,  a difference  of  only  9°.  When  compared  with  H.  virescens,  the 
backcross  females  had  a decreased  oviposition  rate  during  the  peak  days 
after  emergence,  but  the  older  backcross  females  outproduced  H.  virescens 
females  during  the  last  half  of  their  life  cycle.  These  data  will  enable  present 
and  future  rearing  facilities  to  use  optimum  temperatures  in  their  programs 
and  will  also  supply  the  basic  information  for  developing  population  models 
on  the  H.  virescens  * backcross  interaction  in  the  native  population.  Index 
terms:  Heliothis  subflexa  (Guen^e),  Heliothis  virescens  (F.),  hybrid 
backcross  progeny,  insect  rearing,  temperature  control. 


INTRODUCTION 

Laster  et  al.  (1976)  suggested  that  hybrid 
sterility  might  be  used  to  suppress  field  pop- 
ulations of  the  tobacco  budworm,  Heliothis 
virescens  (F.).  Interspecific  crosses  between 
female  H.  subflexa  (Guen^e)  and  male  H.  vires- 
cens produce  sterile-male  and  fertile-female 
hybrids  (Laster  1972),  and  hybrid  females 
backcrossed  to  H.  virescens  males  produce 
sterile  sons.  Continued  backcrossing  of  these 
females  to  H.  virescens  males  did  not  restore  the 
fertility  in  backcrossed  males  after  60 
generations  (Laster,  personal  communication). 
Since  H.  virescens  is  a major  pest  of  many  crops, 
particularly  cotton,  a pilot  test  was  initiated  in 
1977  on  St.  Croix,  U.S.  Virgin  Islands,  to 
determine  the  feasibility  of  suppressing  this 
pest  by  infusing  the  male  sterile  trait  into  the 
indigenous  population  through  the  release  of 
backcross  progeny.  Consistent  production  of 
high-quality  backcross  moths  is  vital  to  the 
success  of  this  test.  Information  is  available  on 
rearing  of  the  tobacco  budworm  (Fye  and 
McAda  1972,  Butler  and  Hamilton  1976,  Butler 
and  Henneberry  1976,  Raulston  and  Lingren 
1972).  We  report  herein  on  the  comparative 
development  of  H.  virescens  and  the  backcross 
reared  at  five  constant  temperatures.  The  data 
will  aid  in  rearing  these  insects  and  provide 
information  for  developing  a population  model 
on  the  H.  virescens  * backcross  interaction  in 
the  native  population. 


METHODS 

Backcross  eggs  were  obtained  from  M.  L. 
Laster,  Mississippi  Agricultural  and  Forestry 
Experiment  Station,  Stoneville,  Miss.,  and  H. 


virescens  eggs  from  USDA’s  Bioenvironmental 
Insect  Control  Laboratory  at  Stoneville.  The 
backcross  had  been  reared  by  procedures  sim- 
ilar to  those  described  by  Berger  (1963)  and  the 
H.  virescens  by  procedures  described  by 
Raulston  and  Lingren  (1972). 

Test  insects  were  reared  under  a 14-h-light 
and  10-h-dark  regime  in  environmental  cabinets 
maintained  at  temperatures  of  16°,  20°,  25°, 
29.5°,  and  34°  C,  with  relative  humidity  at  60% 
for  eggs,  larvae,  and  pupae  and  at  80%  to  85%  for 
adults.  Eggs  (12-h-old)  used  in  viability  and 
incubation  tests  were  collected  from  oviposition 
cloths,  surface-sterilized  with  0.2%  NaOCl  solu- 
tion, and  placed  individually  in  30-ml  cups 
containing  about  5-ml  of  3%  agar.  Then  the  cups 
were  placed  in  the  cabinets.  Each  temperature 
treatment  was  replicated  5 times  with  21  cups 
per  replication.  The  cups  were  checked  for  newly 
hatched  larvae  at  8-h  intervals.  These  larvae 


Figure  1. — Percentage  of  eggs  of  H.  virescens  and  the 
backcross  hatched  at  five  temperatures. 
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were  reared  individually  in  30-ml  cups  con- 
taining 10  ml  of  wheat  germ  diet  (Brewer  1976) 
and  sealed  with  wax-impregnated  cardboard 
lids.  Larval-stage  duration  tests  were  begun 
when  the  H.  virescens  and  backcross  larvae 
were  about  12  h old.  Each  instar  was  marked 
with  a different-colored,  inert  luminous  powder 
to  aid  in  determining  molting  (Fye  and  Me  Ada 
1972).  One  hundred  larvae  of  both  H.  virescens 
and  the  backcross  were  reared  at  each  of  the  five 
selected  temperatures.  The  cups  were  checked 
daily  for  larval  development  or  pupation.  The 
sex  of  adults  reared  from  larvae  held  at  25°, 
29.5°,  and  34°  C was  determined  but  was  not 
determined  for  insects  reared  at  the  two  lowest 
temperatures  (16°  and  20°  C)  because  of  low 
survival  at  these  temperatures. 

Additional  tests  were  performed  with  un- 
marked larvae  to  determine  total  larval  period 
and  survival,  pupal  period  and  weights,  moth 
emergence,  egg  production,  and  moth  longevity. 
Temperatures  for  these  tests  were  25°,  29.5°,  and 
34°  C,  and  each  treatment  included  200  in- 
dividuals of  both  H.  virescens  and  the 
backcross.  Daily  checks  determined  length  of 
prepupal  periods.  Forty-eight  hours  after  pupa- 
tion the  pupae  were  weighed,  sexed,  and  re- 
turned to  the  temperature  chambers  for  moth 
emergence.  Following  emergence,  paired  moths 
were  placed  in  0.5-1  cardboard  cartons  and 
covered  with  cotton  organdy  lids.  A cotton  pad 
soaked  daily  with  5%  sucrose-water  solution  was 


Figure  2. — Duration  of  viable  eggs  of  H.  virescens  and  the 
backcross  at  five  temperatures. 


placed  on  the  organdy  cover  as  a food  and  water 
source.  The  organdy  cover  was  changed  daily  to 
determine  oviposition  rate  as  total  eggs  laid  per 
day  per  moth.  Adult  survival  was  also  deter- 
mined at  this  time.  Dead  females  were  dissected 
for  determination  of  mating  status  by  sper- 
matophore  count. 

RESULTS 

Percentage  of  hatch  for  backcross  eggs  was 
less  than  that  for  H.  virescens  eggs  at  16°  C only 
(fig.  1).  Duration  of  the  egg  stage  was  very 
similar  for  both  the  backcross  and  H.  virescens 
at  the  four  highest  temperatures  but  differed  by 
1.5  d at  16°  C (fig.  2).  Table  1 shows  the  results  of 
larval-stage  duration  tests  at  the  two  lowest 
temperatures.  Duration  of  the  larval  instars  was 
longer  for  the  backcross  than  for  H.  virescens  at 
16°  C,  but  it  was  very  similar  for  both  at  20°.  The 
duration  of  each  instar  by  sex  for  the  three 
highest  temperatures  is  presented  in  table  2. 


Table  1.— Duration  of  larval  instars  of  H.  virescens 
and  the  backcross  at  the  two  lowest  temperatures 


Prepupal stage 

and  insect 

No.  days  at 
temperature  of  — 

16°  C 20°  C 

1st  instar: 

H.  virescens 

6.5 

4.5 

Backcross  

7.5 

4.0 

2d  instar: 

H.  virescens 

5.1 

4.0 

Backcross  

7.6 

4.0 

3d  instar: 

H.  virescens 

5.2 

4.1 

Backcross  

8.9 

3.9 

4th  instar: 

H.  virescens 

6.8 

4.3 

Backcross  

10.1 

4.4 

5th  instar:1 

H.  virescens 

17.0 

11.2 

Backcross 

(2) 

12.0 

Total: 

H.  virescens 

40.6 

28.1 

Backcross  

28.3 

'Duration  of  6th  stage  combined  with  5th  stage.  Average 
number  of  larval  instars  occurring  at  each  temperature  is 
given  in  table  3. 

2Duration  of  5th  and  6th  stages  not  recorded  because  of 
environmental  cabinet  malfunction  before  larvae  pupated. 


3 


Table  2.— Duration  of  larval  instars  of  H.  virescens  and  the  backcross  by  sex  at  the 

three  highest  temperatures 


No.  days  at  temperature  of  — 

Prepupal stage 
and  insect 

25°  C 

29.5° 

C 

O 

CO 

C 

o' 

¥ 

o' 

¥ 

o' 

¥ 

1st  instar: 

H.  virescens  . . . 

30 

3.1 

2.0 

2.1 

2.0 

2.0 

Backcross 

2.8 

3.0 

2.2 

2.3 

2.0 

2.1 

2d  instar: 

H.  virescens  . . . 

2.1 

2.1 

1.2 

1.3 

1.0 

1.2 

Backcross 

2.2 

2.1 

1.6 

1.8 

1.7 

1.6 

3d  instar: 

H.  virescens  . . . 

2.1 

2.1 

1.6 

1.4 

111 

1.1 

Backcross  

2.3 

2.2 

1.6 

1.3 

1.2 

1.4 

4th  instar: 

H.  virescens  . . . 

2.6 

2.8 

1.5 

1.7 

1.4 

1.5 

Backcross 

2.8 

2.7 

1.9 

2.1 

2.2 

1.6 

5th  instar:1 

H.  virescens  . . . 

7.1 

6.5 

4.5 

4.1 

4.3 

4.6 

Backcross  

7.6 

7.6 

5.3 

5.4 

5.3 

6.1 

Total:2 

H.  virescens 

16.8  (43) 

16.6  (32) 

10.8  (31) 

10.6  (38) 

9.7  (22) 

10.4  (26) 

Backcross . . 

17.6  (28) 

17.6  (45) 

12.5  (31) 

12.9  (39) 

12.3  (6) 

12.9  (25) 

duration  of  6th  stage  combined  with  5th  stage.  Average  number  of  larval  instars  occurring 
at  each  temperature  is  given  in  table  3. 

2Numbers  in  parentheses  are  actual  numbers  of  larvae  completing  development  to  pupal 
stage  and  thus  are  used  in  calculations. 


Table  3.— Number  of  larval  instars  required  by  H. 
virescens  and  the  backcross  before  pupation  when 
reared  at  five  temperatures1 


Temperature  (°C) 

Average  No.  instars 

H.  virescens 

Backcross 

16.0 

5.4 

20.0 

5.4 

5.3 

25.0 

5.1 

5.1 

29.5 

5.5 

5.8 

34.0 

5.5 

5.6 

'Averages  based  only  on  larvae  completing  development 
to  pupal  stage,  except  for  the  backcross  at  16°  C where  test 
was  terminated  before  larval  pupation  because  of  en- 
vironmental cabinet  malfunction. 


Table  4.— Survival  rate  and  duration  of  larval  stage 
of  unmarked  H.  virescens  and  the  backcross  by  sex 
at  three  temperatures 


Temperature 
and  insect 

Percentage 

of 

survival1 

No.  days  duration 

o'  ¥ 

25°  C: 

H.  virescens 

88 

17.6 

17.4 

Backcross 

88 

17.9 

17.9 

29.5°  C: 

H.  virescens 

80 

11.6 

11.4 

Backcross 

70 

10.9 

10.8 

34°  C: 

H.  virescens  .... 

66 

10.8 

10.9 

Backcross  

65 

11.4 

11.4 

'Percentage  of  larvae  completing  development  to  pupal 
stage. 
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Table  5. — Pupal  weight  and  duration  by  sex  and  moth  emergence  rate  of  unmarked 
H.  virescens  and  the  backcross  at  three  temperatures 


Temperature 
and  insect 

Pupal  weight  (mg)’ 

No.  days 
duration 

Percentage 
of  moth 

cr" 

¥ 

cr" 

¥ 

emergence 

25°  C: 

H.  virescens  .... 

. ...  322.8  (89) 

310.6  (86) 

17.1 

16.2 

99 

Backcross  

. ...  320.8  (103) 

317.2  (104) 

18.1 

16.3 

99 

29.5°  C: 

H.  virescens  .... 

. ...  302.4  (68) 

297.2  (71) 

11.5 

10.6 

100 

Backcross  

. ...  292.0  (59) 

297.0  (55) 

9.9 

9.0 

100 

34°  C: 

H.  virescens  .... 

. ...  254.1  (61) 

256.9  (65) 

9.8 

8.8 

96 

Backcross  

. ...  292.9  (77) 

292.3  (83) 

11.0 

9.9 

88 

'Numbers  in  parentheses  indicate  numbers  of  insects  observed. 


Duration  was  shortest  at  the  highest  tem- 
peratures for  H.  virescens  and  the  backcross, 
with  the  greatest  difference  at  34°  C.  Also,  H. 
virescens  required  2.5  d less  than  did  the 
backcross  at  this  temperature.  The  average 
numbers  of  larval  instars  required  before 
pupation  for  the  backcross  and  H.  virescens 
when  reared  at  the  five  temperatures  are  given 
in  table  3.  Both  insect  groups  tended  to  require 
more  instars  at  temperatures  above  25°  C (the 
midrange  temperature).  Therefore,  larvae  held 
at  near  optimum  conditions  go  through  about 
five  instars,  while  more  extreme  temperatures 
initiate  an  extra  instar. 

There  were  sharp  decreases  in  the  survival 
rate  and  duration  of  the  unmarked  larvae  of  H. 
virescens  and  the  backcross  at  29.5°  and  34°  C 
(table  4).  Pupal  weights  were  also  lower  at  these 
temperatures,  and  percentage  of  emergence  for 
the  backcross  was  100%  at  29.5  ° C but  only  88% 
at  34°  C (table  5). 

Egg  production  of  both  the  backcross  afid  H. 
virescens  females  was  considerably  lower  at 
29.5°  and  34°  C than  at  25°  C,  and  adult 
longevity  was  generally  lower  at  the  two  highest 
temperatures  (table  6).  This  was  most  apparent 
in  the  H.  virescens  males,  where  longevity  was 
about  50%  lower  at  34°  C than  at  25°  C,  a 
difference  of  only  9°.  When  compared  with  H. 
virescens,  the  backcross  females  had  a decreas- 
ed o viposition  rate  during  the  peak  days  (5, 6,  7 , 
and  8),  but  the  older  backcross  females  actually 
outproduced  the  H.  virescens  females  during  the 
last  half  of  their  life  cycle  (fig.  3). 


Table  6.— Egg  production  and  longevity  of  adults  of 
unmarked  H.  virescens  and  the  backcross  at  three 
temperatures’ 


Temperature 
and  insect 

No.  eggs 

No.  days  longevity 

per 

¥ 

o' 

25°  C: 

H.  virescens  . . . 

. ..  959.6 

(16) 

15.7 

19.0  (13) 

Backcross  

...  682.9 

(16) 

14.7 

(3) 

29.5°  C: 

H.  virescens  . . . 

. ..  497.5 

(17) 

17.0 

13.9  (18) 

Backcross 

...  523.4 

(18) 

16.1 

(a) 

34°  C: 

H.  virescens  . . . 

...  100.3 

(6) 

11.6 

9.5  (19) 

Backcross 

. . . 43.2 

(6) 

11.0 

(3) 

’Data  compiled  only  from  containers  with  a mated  female. 
"Numbers  in  parentheses  indicate  numbers  of  insects 
evaluated. 

"Longevity  of  backcross  males  was  not  recorded. 


REGRESSION  ANALYSIS 

Regression  equations  were  calculated  for  con- 
verting the  developmental  data  to  mathe- 
matical expressions  for  use  in  simulation 
models.  In  these  analyses  of  duration  of  each 
stage  in  life  cycle,  dependent  variable  Y repre- 
sents the  number  of  days  required,  and  inde- 
pendent variable  X expresses  the  temperature  in 
degrees  Fahrenheit.  Y'  represents  the  percent- 
age of  development  per  day  of  each  stage. 
Utilizing  regression  equations  to  estimate  Y or 
Y'  is  equivalent  to  making  the  prediction  for 
E(Y)  or  E(Y')  for  a given  X (temperature). 
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Figure  3. — Ovipositional  cycles  of  unmarked  H.  uirescens  and  the  backcross  at  25°  C. 


Expected-value  operator  E is  a linear  operator; 
therefore,  the  expectation  of  a function  of 
random  variables  to  be  the  function  of  their 
expectations  does  not  hold  for  nonlinear  func- 
tions (Kane  1968).  Thus, 


and 


y=ioo/y\ 

£(Y)=£(100/F)=100£'(1/Y7), 


but  is  not  equal  to  100 /E(Y'). 

If  the  regression  equation  for  percentage  of 
development  per  day  were  applied  to  estimate 
the  number  of  days  required  for  each  stage  in  the 
life  cycle,  it  would  be  equivalent  to  utilizing 
100/£(Y)  to  make  the  prediction  for  £(100/ Y'). 
£(100/1")  is  not  equal  to  100/£(  Y');  therefore,  to 
make  the  prediction  in  this  way  would  sacrifice 
soundness  in  the  statistical  theoretical  basis. 
Moreover,  to  maintain  the  soundness  of  theo- 
retical basis  in  making  the  estimation,  two 
kinds  of  regression  equations  are  fitted,  one  for 
the  duration  of  each  stage  and  the  other  for  the 
percentage  of  development  per  day  in  each  stage 
of  life  cycle.  These  equations,  with  accom- 


panying statistics,  are  given  in  tables  A-l — A-4 
of  the  appendix.  The  statistical  models  to  be 
fitted  are: 


Y--(30 

and 


This  procedure  may  be  applicable  to  model 
development  for  other  insect  species  as  well. 
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